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(54) Nucleic Acid Extraction Apparatus 

(57) This invention provides an apparatus for ex- 
tracting nucleic acids from nucleic acid-containing sam- 
ples, particularly biological samples, more particularly 
to a nucleic acid extraction apparatus suited for utilizing 
a nucleic acid-binding magnetic carrier. The nucleic acid 
extraction apparatus of the invention comprises (1) a 
group of extraction vessels each comprising a reactor 
tube with a sample, a reagent solution, a magnetic car- 
rier respectively, a drain cup, and a nucleic acid recovery 
tube, (2) a distribution means for introducing a solution 
into each extraction vessel, (3) a stirring means for mix- 
ing the solution and magnetic carrier, (4) a holding 
means for holding the magnetic carrier stationary within 
the vessel, (5) a discharging means for discharging the 
solution from the reactor tube while the magnetic carrier 
is held stationary, (6) a heating means for heating the 
contents of the reactor tube, and (7) a transfer means 
for serially transferring the vessels to predetermined po- 
sitions. 
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Description 

[0001] The present invention relates to an apparatus 
for extracting nucleic acids from various nucleic acid- 
containing samples, particularly biological samples. 
More particularly, the invention relates to a nucleic acid 
extraction apparatus well suited for a technology for ex- 
tracting nucleic acids using a nucleic acid-binding mag- 
netic carrier. 

[0002] The extraction of nucleic acids from biological 
or other samples is being practiced of late in many fields. 
For example, genetic engineering and construction of 
DNA probes in particular involve a procedure of extract- 
ing DNA or RNA coding for an objective protein from 
cells producing the protein. Moreover, the clinical exam- 
ination for detecting a virus DNA or RNA using a DNA 
probe includes a procedure of extracting the target DNA 
or RNA from a biological sample. 
[0003] The procedure of extracting nucleic acids is, 
thus, of great importance in various fields. The hitherto- 
known technology for extracting nucleic acids includes 
a method which comprises treating a sample with a 
caustic reagent, extracting the nucleic acid with phenol 
or phenol-chloroform, and recovering DNA by ethanol 
precipitation and a method which comprises treating a 
sample with a proteolytic enzyme such as proteinase K 
in the presence of a surfactant and then extracting the 
nucleic acid (Idenshi Kogaku [Genetic Engineering], 
Vol. 1, No. 1, p. 112-119, 1997), among others. 
[0004] The vessel used conventionally in those ex- 
traction methods includes a group of plastic microtubes 
each provided with a cover as described in Unexamined 
Japanese Patent Publication No. 18362/1 985 (Exam- 
ined Japanese Patent Publication No.31 945/1 992). 
This vessel is generally used with said cover kept open 
during the extraction procedure. 
[0005] A variety of nucleic acid extraction apparatus- 
es have been proposed according to the above nucleic 
acid extraction technology. 

[0006] For example, Unexamined Japanese Patent 
Publication No. 125972/1 991 describes a nucleic acid 
extraction apparatus designed to prevent viral infection 
and improve the efficiency of extraction which compris- 
es a multiarticulated industrial robot and peripheral units 
necessary for DNA extraction and purification. 
[0007] Unexamined Japanese Patent Publication No. 
131076/1992 discloses an extraction apparatus de- 
signed to improve the efficiency of extraction of nucleic 
acids from a small amount of blood or other biological 
material through a compact arrangement of means for 
transfer of the nucleic acid extraction vessel to a centri- 
fuge. 

[0008] Unexamined Japanese Patent Publication No. 
187077/1992 discloses an automatic pretreatment sys- 
tem for DNA sequencing which comprises a filter unit 
attached to an aspiration-discharge system, a thermo- 
stat and a means for carrying out the necessary mixing 
and concentration. Unexamined Japanese Patent Pub- 



lication No. 47278/1 997 discloses an extraction appara- 
tus employing a filter system equipped with a vacuum 
pump in lieu of a centrifuge. 

[0009] The nucleic acid extraction procedure gener- 

5 ally comprises a series of steps, namely hemolysis, leu- 
kocyte concentration, cell membrane lysis, and nucleic 
acid purification. The operations performed in the 
above-mentioned extraction methods in common are il- 
lustrated in the block diagram of Fig. 1 . Thus, the nucleic 

10 acid extraction procedure generally comprises an oper- 
ation for charging the vessels with samples and other 
solutions, a mixing operation necessary for carrying out 
the reaction, a solid-liquid separating operation, and an 
operation for removal of unwanted components or re- 

15 covery of the nucleic acid. 

[0010] Meanwhile, the conventional nucleic acid ex- 
traction apparatus described above is such that the sol- 
id-liquid separation in the above series of operations is 
performed either by means of a centrifuge or by filtration. 

20 Therefore, in order that a fully automatic extraction ap- 
paratus may be implemented, a centrifuge or a vacuum 
pump and the associated hardware must be built into 
the apparatus, with the result that the whole apparatus 
is inevitably bulky, complicated in construction, and in- 

25 creased in fabrication cost. 

[0011] As the result of recent advances in the nucleic 
acid amplification technology it has become possible to 
analyze and detect the desired domain of a nucleic acid 
using a very small amount of sample. Therefore, the 

30 technology for extracting nucleic acids from small bio- 
logical samples with high reliability is more important 
than the technology for extracting nucleic acids on a 
large scale. 

[0012] In clinical examination or diagnosis, a large 

35 number of samples must be dealt with at one time. 
Therefore, it is common practice to perform a nucleic 
acid extraction using a multiplicity of vessels arranged 
for respective samples within the limited space of an au- 
tomated apparatus. 

40 [0013] In this case, however, when the above-men- 
tioned so-called open-system microtubes are used as 
the vessels and the distribution or discharging of the 
samples, extraction reagents, etc. is carried out, the 
contamination problem which is most abhorred in clini- 

45 cal diagnosis is liable to take place because of carryo- 
vers from one microtube to another. 
[001 4] The present invention has for its primary object 
to provide an automatic extraction apparatus by which 
the extraction of nucleic acid involving a complicated se- 

50 ries of operations can be automatically performed. 

[0015] It is a further object of the invention to over- 
come the drawbacks of the conventional nucleic acid ex- 
traction apparatuses, namely the increased equipment 
size, complexity and high cost due to the use of a cen- 

55 trifuge or a vacuum pump and the above-mentioned 
contamination problem-and thereby provide a nucleic 
acid extraction apparatus free from such disadvantages 
and suited for use in clinical diagnosis. 
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[0016] It is a still further object of the invention to pro- 
vide an extraction vessel suited for use in the nucleic 
acid extraction method utilizing a nucleic acid; binding 
magnetic carrier as described in Unexamined Japanese 
Patent Publication No. 19292/1 997, for instance, and a s 
nucleic acid extraction apparatus tailored to the struc- 
tural features of said extraction vessel. 
[0017] The present invention, thus, is directed to the 
following nucleic acid extraction apparatuses 1-6. 

10 

1 . A nucleic acid extraction apparatus comprising 

(1 ) a group of extraction vessels each compris- 
ing a reactor tube in which a sample, a reagent 
solution and a magnetic carrier are admixed 15 
and reacted, a drain cup for pooling an unwant- 
ed component solution and a nucleic acid re- 
covery tube, all as secured to a supporting 
plate, 

(2) a distribution means for dispensing a sam- 20 
pie or other solution into each of said extraction 
vessels, 

(3) a stirring means for stirring the sample so- 
lution and magnetic carrier within the extraction 
vessel, 25 

(4) a holding means for holding said magnetic 
carrier stationary in a position within the extrac- 
tion vessel, 

(5) a discharging means for discharging the 
sample solution from the extraction vessel 30 
while said magnetic carrier is held stationary, 

(6) a heating means for heating the sample so- 
lution containing the magnetic carrier in said 
extraction vessel, and 

(7) a transfer means for transferring said ex- 35 
traction vessel to the required positions where 
said distribution means, stirring means, holding 
means, discharging means, and heating 
means are respectively disposed. 

40 

2. A nucleic acid extraction apparatus comprising 

(1) a vessel stand adapted to support a group 
of extraction vessels each comprising a reactor 
tube to be filled with a magnetic carrier, a sam- 45 
pie and a reagent solution, a drain cup and a 
nucleic acid recovery tube, all as secured to a 
supporting plate; 

(2) a distribution means for dispensing a sam- 
ple or other solution into the reactor tube of said so 
extraction vessel installed on said vessel stand; 

(3) a stirring means for stirring the magnetic 
carrier, sample, and reagent solution within the 
reactor tube; 

(4) a holding means for holding the magnetic S5 
carrier stationary within the reactor tube; 

(5) a discharging means for discharging the so- 
lution in the reactor tube into the drain cup or 



nucleic acid recovery tube while the magnetic 
carrier is held stationary within the reactor tube; 

(6) a heating means for heating the reactor tube 
containing at least said magnetic carrier; 

(7) a transfer means for transferring the vessel 
stand carrying the extraction vessels horizon- 
tally; and 

(8) a control means for controlling said respec- 
tive means. 

3. A nucleic acid extraction apparatus as defined in 
2 wherein the control means has a function to con- 
trol the transfer means in such a manner the vessel 
stand may be transferred to any of the positions 
where said distribution means, stirring means, hold- 
ing means, discharging means, and heating means 
are respectively disposed. 

4. A nucleic acid extraction apparatus as defined in 
2 further comprising a means for transferring the ex- 
traction vessels and installing them in an array on 
the vessel stand. 

5. A nucleic acid extraction apparatus as defined in 
2 wherein the extraction vessel for installing in the 
vessel stand comprising 

a reactor tube, a drain cup, and a nucleic acid 
recovery tube as secured to a supporting plate, 
a channel cover adapted to provide a connect- 
ing path between the nucleic acid recovery tube 
and the reactor tube as-mounted in a top open- 
ing of said recovery tube, 
a cover with a hole for connection of an exhaust 
nozzle as mounted air-tight in a top opening of 
said drain cup, 

a rotary element comprising a piercing pipe for 
insertion and connection of a distribution noz- 
zle, a valve passageway adapted to provide a 
connecting path between the reactor tube and 
the drain cup or the recovery tube, and a rotat- 
ing grip as mounted air-tight and axial-rotably 
in a top opening of said reactor tube, and 
one end of said valve passageway being con- 
nected liquid-tight to a discharging pipe extend- 
ing axially within the reactor tube and the other 
end being connected air-tight to a passageway 
communicating with the interior of the drain 
cup. 

6. A nucleic acid extraction apparatus as defined in 
5 wherein at least the nucleic acid recovery tube of 
the extraction vessel is detachable from the reactor 
tube and drain cup. 

The present invention is further directed to the 
following nucleic acid extraction vessels 7 and 8. 

7. A vessel for nucleic acid extraction which com- 
prises 

a reactor tube, a drain cup, and a nucleic acid 
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recovery tube as secured to a supporting plate, 
a channel cover adapted to provide a connect- 
ing path between the nucleic acid recovery tube 
and the reactor tube as mounted in a top open- 
ing of said recovery tube, s 
a cover with a hole for connection of an exhaust 
nozzle as mounted air-tight in a top opening of 
said drain cup, 

a rotary element comprising a piercing pipe for 
insertion and connection of a distribution noz- 10 
zle, a valve passageway adapted to provide a 
connecting path between the reactor tube and 
the drain cup or the recovery tube, and a rotat- 
ing grip as mounted air-tight and axial-rotably 
in a top opening of said reactor tube, and is 
one end of said valve passageway being con- 
nected liquid-tight to a discharging pipe extend- 
ing axially within the reactor tube and the other 
end being connected air-tight to a passageway 
communicating with the interior of the drain 20 
cup. 

8. A nucleic acid extraction vessel as defined above 
wherein at least said nucleic acid recovery tube is 
detachable from said reactor tube and drain cup. 25 

Furthermore, the present invention provides 
the following nucleic acid extraction methods 9-12. 

9. A method for nucleic acid extraction using the nu- 
cleic-acid extraction apparatus of the invention 
which comprises 30 

(a) a step of extracting a nucleic acid from a 
sample and causing it to be adsorbed on a mag- 
netic carrier in a reactor tube of an extraction 
vessel; 35 

(b) a step of separating the magnetic carrier 
carrying the nucleic acid adsorbed thereon 
from the solution; 

(c) a step of washing the separated magnetic 
carrier; 40 

(d) a step of eluting the nucleic acid from the 
magnetic carrier, and 

(e) a step of recovering the nucleic acid. 

1 0. A method for nucleic acid extraction as defined 45 
above wherein said (a) extraction step, (c) washing 
step, and (d) elution step are carried out by intro- 
ducing an extraction solution, a wash solution, and 

an eluent, respectively, into the reactor tube con- 
taining the magnetic carrier by using the distribution so 
means and then stirring the mixture by using the 
stirring means. 

11 . A method for nucleic acid extraction as defined 
above wherein said (b) magnetic carrier separation 
step and (e) nucleic acid recovery step comprise 55 
discharging the solution from the reactor tube into 

the drain cup and nucleic acid recovery tube, re- 
spectively, by using the discharging means while 



the magnetic carrier is retained stationary within the 
reactor tube by using the holding means. 
12. A method for nucleic acid extraction as defined 
above wherein said (d) nucleic acid elution step 
comprises drying the magnetic carrier carrying the 
nucleic acid adsorbed thereon by using the heating 
means, introducing an eluent into the reactor tube 
containing said magnetic carrier by using the distri- 
bution means, stirring the magnetic carrier in the 
eluent by using the stirring means, heating the so- 
lution by using the heating means, and stirring it by 
using the stirring means again. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a block diagram showing operations 
common to a general procedure for nucleic acid extrac- 
tion. 

[0019] Fig. 2 is a sectional view showing a nucleic acid 
extraction vessel for use in the invention, wherein the 
reference numeral 1 represents a reactor tube, 2 a drain 
cup, 3 a recovery tube, 4 a supporting plate, 5 a dis- 
charging pipe, 6 a rotary element (valve), 7 a cover, 8 a 
channel cover, 9 a retaining cover, 10 a piercing pipe, 
and 11 a valve passageway. Fig. 3 is a schematic view 
showing the rotary element (valve) 6 of the nucleic acid 
extraction vessel, wherein the reference numeral 1 0 and 
11 indicate the same piercing pipe and valve passage- 
way as shown in Fig. 2 and the numeral 12 represents 
a grip (ribs). 

[0020] Fig. 4 is a sectional view showing a nucleic acid 
extraction vessel, wherein the element 6 has been axi- 
ally rotated through 180 degrees from the position 
shown in Fig. 2. Each reference numeral represents the 
same as shown in Fig. 2. 

[0021] Fig. 5 is a view showing a nucleic acid extrac- 
tion apparatus embodying the principles of the inven- 
tion, wherein Fig. 5a is a top view and Fig. 5b is a side 
view. In the views, the reference numeral 1 3 represents 
a vessel stand, 14 a distribution means, 15 a stirring 
means, 16 a discharging means, 17 a holding/heating 
means, 1 8 a reagent bottle or bottle group, 1 9 a motor, 
20 a continuous belt, and 21 a rail. 
[0022] Fig. 6 is a schematic view showing a typical 
distribution means 14 for use in the invention, wherein 
the reference numerals 23 and 24 each represents a 
motor and the reference numeral 25 represents a rail, 
26 a linear motor base, 27 a rotary arm, 28 a rotary arm 
grip, 29 a pole screw, 30 a tube, 31 a movable piece, 32 
a spring, 33 an L-shaped metal, 34 a distribution nozzle, 
and 35 a pad. 

[0023] Fig. 7 is a schematic view showing a typical 
stirring means 15 for use in the invention, wherein the 
reference numeral 36 represents a ring magnet, 37 a 
motor, 38 and 39 each a fixing metal, and 40 a pole 
screw. 

[0024] Fig. 8 is a schematic view showing a typical 
unit 17 comprising a holding means 17a and a heating 
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means 17b for use in the invention, wherein the refer- 
ence numeral 41 represents a permanent magnet, 42 a 
heating block, 43 a mounting metal, 44 a platform, 45 a 
motor, 46 and 47 each a fixing metal, and 48 a pole 
screw. 

[0025] Fig. 9 is a schematic view showing a typical 
discharging means 16 for use in the invention, wherein 
the reference numeral 41 represents a permanent mag- 
net, 49 a motor, 50 a pole screw, 51 a movable piece, 

52 an L-shaped metal, 53 a pressure nozzle, 54 a pad, 
55 a tube, 56 a joint metal, 57 an exhaust nozzle, and 
58 a pad. 

[0026] Fig. 1 0 is a flow-chart showing the nucleic acid 
extraction procedure using the nucleic acid extraction 
apparatus of the invention. 

[0027] Fig. 11 is a schematic diagram illustrating a dis- 
tribution step in the nucleic acid extraction procedure 
using the nucleic acid extraction apparatus of the inven- 
tion, wherein the reference numeral 34 represents a dis- 
pensing nozzle and 35 a pad. 

[0028] Fig. 12 is a schematic view showing a stirring 
step in the nucleic acid extraction procedure using the 
nucleic acid extraction apparatus of the invention, 
wherein the reference numeral 36 represents a ring 
magnet. 

[0029] Fig. 1 3 is a schematic diagram illustrating a B/ 
F separation step in the nucleic acid extraction proce- 
dure using the nucleic acid extraction apparatus of the 
invention, wherein the reference numerals 41 and 61 
represent a permanent magnet and magnetic silica 
beads, respectively. 

[0030] Fig. 14 is a schematic diagram illustrating a 
step of discharging an unwanted component solution in 
the nucleic acid extraction procedure using the nucleic 
acid extraction apparatus of the invention, wherein the 
reference numeral 41 represents a permanent magnet, 

53 and 54 represent a pressure nozzle and a pad, re- 
spectively, and 57 and 58 an exhaust nozzle and a pad, 
respectively. 

[0031] Fig. 15 is a schematic diagram illustrating a 
drying step or an eluent heating step in the nucleic acid 
extraction procedure using the nucleic acid extraction 
apparatus of the invention, wherein the reference nu- 
meral 42 represents a heating block. 
[0032] Fig. 1 6 is a schematic diagram illustrating a nu- 
cleic acid recovery step in the nucleic acid extraction 
procedure using the nucleic acid extraction apparatus 
of the invention, wherein the reference numeral 41 rep- 
resents a permanent magnet and 53 and 54 represent 
a pressure nozzle and a pad, respectively. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0033] The present invention relates to a nucleic acid 
extraction apparatus including a group of nucleic acid 
extraction vessels each comprising a reactor tube, a 
drain cup for pooling an unwanted component solution, 



and a nucleic acid recovery tube as a unit, which is 
adapted to prevent vessel-to-vessel carryover in the ex- 
traction procedure and hence eliminate the risk for con- 
tamination. In this specification, the above vessel is re- 

5 ferred to as "nucleic acid extraction vessel" or some- 
times briefly as "extraction vessel". 
[0034] Of the above extraction vessel, the reactor 
tube is a component unit in which the reaction necessary 
for treatment of a sample or analysis thereof for an ob- 

10 jective component is carried out, the drain cup is a com- 
ponent unit in which the unwanted component solution 
formed by the reaction for said treatment or analysis is 
pooled, and the recovery tube is a component unit in 
which the objective nucleic acid is recovered. 

15 [0035] Furthermore, in this extraction vessel, the re- 
actor tube, drain cup and recovery tube are fixed in tan- 
dem to a supporting plate. 

[0036] The sample which can be dealt with includes 
but is not limited to biological materials from human or 

20 animal, such as the blood, serum, buffy coat, urine, fec- 
es, seminal solution, saliva, hair, sputum, and tissue 
cells (inclusive of cultured cells), as well as various other 
cells and cell cultures. Among them, preferred are bio- 
logical materials from human. 

25 [0037] This invention is now described in detail, ref- 
erence being had to the accompanying drawings. The 
reference numerals used in the following description 
correspond to the numerals used in the drawings. 

30 1 . Extraction vessel 

[0038] Fig. 2 is a sectional side elevation view show- 
ing a typical extraction vessel for use in the nucleic acid 
extraction apparatus of the invention. 

35 [0039] The extraction vessel essentially comprises a 
reactor tube 1 in which a sample is mixed and reacted 
with reagents etc., a drain cup 2 for pooling an unwanted 
component solution and a tube 3 for recovering the nu- 
cleic acid extracted from the sample, and those compo- 

40 nent units are fixed tandem to a supporting plate 4. It 
should be understood that this fixation may optionally 
be a disconnectable one. 

[0040] Of this extraction vessel, said three component 
units, namely the reactor tube, drain cup, and recovery 

45 tube, may be molded integrally or in such a manner that 
at least one of the component units may be disconnect- 
ed from the other units. It is preferably arranged so that 
at least the nucleic acid recovery tube 3 may be de- 
tached from the other units, and even from the support- 

so jng plate 4, for example after completion of nucleic acid 
extraction. 

[0041] The drain cup 2 has a cover 7, the recovery 
tube 3 has a channel cover 8, and the reactor tube 1 has 
a rotary element 6 (a valve), on the top openings thereof. 
55 The rotary element 6 is secured to the reactor tube 1 
through a retaining cover 9 in such a manner that it may 
be rotated about the axis of the reactor tube 1 . As in- 
stalled within the reactor tube 1, a discharging pipe 5 
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extending in the axial direction of the reactor tube is con- 
nected liquid-tight to a valve passageway 11 in said ro- 
tary element 6. Preferably the lower end of the discharg- 
ing pipe 5 and the inner bottom of the reactor tube 1 are 
spaced apart by about 1-10 mm. 
[0042] Fig. 3 shows the rotary element 6. Fig. 3a is a 
top view of the rotary element and Fig. 3b is a side ele- 
vation view thereof. The rotary element 6 is connected 
air-tight to the top of the reactor tube 1 and provides 
various passageways. The rotary element 6 comprises 
a piercing pipe 1 0, a valve passageway 11 , and an op- 
erating grip (ribs) 12 which are integrally formed. 
[0043] The piercing pipe 10 is used for charging the 
reactor tube 1 with a sample and a reagent solution and 
feeding pressurized air for applying a pressure to the 
interior of the reactor tube 1. Preferably this piercing 
pipe 10 is tapered, i.e. progressively reduced in inner 
diameter, toward the reactor tube 1 . The valve passage- 
way 11 has one end connectable liquid-tight to the dis- 
charging pipe 5 in the axial direction of the reactor tube 
1 and the other end adapted for liquid-tight connection 
to a flow passageway communicating with the interior 
of the drain cup 2, thus forming a drain passageway for 
discharging the reaction mixture from the reactor tube 

1 to the drain cup 2. The rotary element 6 is so construct- 
ed that as the grip 1 2 is rotated, the element 6 is rotated 
about the axis of the reactor tube 1 . Assuming, by way 
of illustration, that the rotary element 6 is in the position 
shown in Fig. 2, the reaction mixture solution in the re- 
actor tube 1 can be allowed to drain into the drain cup 

2 through the drain passageway extending from the re- 
actor tube 1 through the discharging pipe 5 and valve 
passageway 11 to the drain cup 2. As the rotary element 
6 is rotated through 180 degrees about the axis of the 
reactor tube 1 from the above position, the flow pas- 
sageway consisting of the discharging pipe 5 and valve 
passageway 11 is brought int o communication with the 
recovery tube 3 through a flow passageway formed by 
the channel cover 8, as illustrated in Fig. 4, so that the 
reaction product in the reactor tube 1 can be withdrawn 
into the recovery tube 3. 

[0044] In this manner, the channel cover 8 not only 
covers the top opening of the recovery tube 3 but also 
provides at least a part of the flow passageway for dis- 
charging the objective nucleic acid from the reactor tube 
1 into the recovery tube 3. 

[0045] The cover 7 disposed across the top opening 
of the drain cup 2 is preferably provided with a hole 
therein so that an exhaust nozzle may be connected 
thereto when the reaction mixture is to be discharged 
from the reactor tube 1 into the drain cup 2. 
[0046] The extraction vessel may be molded from vir- 
tually any material and such conventional materials as 
glass, polypropylene, polyvinyl chloride, and silicone- 
coated general resin, among others, can be employed. 
Among those materials, polypropylene is particularly 
preferred because the objective nucleic acid will not be 
adsorbed thereon. 



[0047] The geometry of the extraction vessel is not 
particularly restricted. For example, the reactor tube 1 
may be a conical one, the drain cup 2 may be cylindrical, 
and the recovery tube 3 may be shaped like an ordinary 
5 microtube, for example a tube having a conical bottom. 

2. Nucleic acid extraction apparatus 

[0048] The construction of the nucleic acid extraction 

10 apparatus of the invention is now described. 

[0049] Fig. 5a and Fig. 5b are a top view and a side 
view, respectively, of a nucleic acid extraction apparatus 
embodying the principles of the invention. In those 
views, the reference numeral 13 represents a vessel 

15 stand on which said group of extraction vessels is 
mounted, 14 a distribution means having a distribution 
nozzle for dispensing the sample and reagent solutions 
into the reactor tube of said extraction vessel and a ro- 
tary arm for rotating said rotary element 6. The reference 

20 numeral 1 5 represents a stirring means for admixing the 
solutions in the reactor tube 1 of said extraction vessel, 
16 represents a discharging means for withdrawing the 
solution in said reactor tube 1 into said drain cup 2 or 
said recovery tube 3, and 17 represents an integral unit 

25 comprising a holding means (1 7a) for holding a magnet- 
ic carrier stationary on the internal wall (internal bottom 
area) of the reactor tube 1 and a heating means (17b) 
for heating the solution in the reactor-tube 1, which 
works in contacting with the external wall (external bot- 

30 torn area) of the reactor tube 1 . 

[0050] The reference numeral 18 represents a rea- 
gent bottle or bottle group containing the reagents (ex- 
traction solvent, wash solution, eluent, etc.) for use in 
the nucleic acid extraction procedure. 

35 [0051] The reference numerals 19, 20, 21 and 22 tak- 
en together represent a means for transfer of the vessel 
stand 13. Thus, the numeral 19 represents a motor, 20 
a continuous belt, 21 a rail, and 22 a pulley. Thus, the 
vessel stand 1 3 carrying the extraction vessel traverses 

40 along the rails 21 as the motor 19 and, hence, the belt 
20, and pulley 22 are driven, and as shown in Fig. 5b, 
successively occupies the positions A, B, C, and D 
where said distribution means 14, stirring means 15, 
holding means 17a and discharging means 16, and 

45 heating means 17b are respectively disposed. In this 
specification, those means are collectively referred to 
as a transfer means. 

[0052] The apparatus of the invention may further in- 
clude a means for transferring extraction vessels to the 

50 vessel stand and disposing them thereon. 

[0053] The detailed structure of the means represent- 
ed by the reference numerals 1 4-17 are now described. 
[0054] Fig. 6 is a schematic diagram illustrating the 
distribution means 14 for dispensing solutions into the 

55 reactor tube 1 of the extraction vessel. The mechanical 
components of this distribution means 14 are mounted 
on a liner motor base 26 so that they may traverse along 
rails 25 horizontally. Connected to the motor 23 is a pole 
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screw 29, whereby a movable piece 31 is caused to 
move up and down in response to rotation of the pole 
screw. This movable piece 31 is symmetrically flanked 
by a pair of L-shaped metals 33 and the distribution noz- 
zle 34 is attached to one of them, while the rotary arm 
27 is attached to the other L-shaped metal. 
[0055] Fitted to the forward end of the distribution noz- 
zle 34 is a resin pad 35 shaped to fit the bore of the 
piercing pipe 1 0 of the rotary element 6 so that said for- 
ward end may come into connection with the inlet to the 
reactor tube 1 , that is to say the piercing pipe 1 0 of the 
rotary element 6. The reference numeral 32 represents 
a spring and the reference numeral 30 represents a tube 
for feeding the reagent and other solutions from the re- 
agent bottle or bottle group 18, said tube 30 being con- 
nected to the distribution nozzle 34 in a liquid-tight man- 
ner. The rotary arm 27 attached to the L-shaped metal 
33 on the opposite side to the distribution nozzle 34 is 
adapted to rotate the rotary element 6. This arm 27 has 
a rotary arm grip 28 shaped to fit the grip 1 2 of the rotary 
element 6 at its forward end and is driven by a motor 24. 
[0056] Fig. 7 is a schematic view showing the stirring 
means 1 5 for stirring the solution within the reactor tube 
1 of the extraction vessel. The stirring is effected as a 
ring-shaped permanent magnet (ring magnet) 36 recip- 
rocates vertically with the reactor tube 1 being included 
in its central hole. The reference numeral 37 represents 
a motor, 40 a pole screw, and 38 and 39 each represents 
a fixing plate supporting the stirring mechanism. As the 
fixing plate 39 reciprocates vertically in response to ro- 
tation of the pole screw 40, the ring magnet 36 secured 
to this fixing plate is also caused to reciprocate vertically 
in synchronism. 

[0057] Fig. 8 is a schematic diagram showing an in- 
tegral unit 1 7 comprising a holding means and a heating 
means. The holding means 17a is comprised of a per- 
manent magnet 41 by which the magnetic carrier con- 
tained in the reactor tube 1 of the extraction vessel is 
retained on the inside wall (inside bottom wall) of the 
reactor tube. The heating means 1 7b comprises a heat- 
ing block 42 made of a metal such as aluminum and 
having a recess complementary to a bottom portion of 
the reactor tube 1 for accepting said bottom portion and 
a platform 44 having a built-in plane heater (not shown) 
for controlling the temperature of said-heating block. 
The integral unit 17 includes a motor 45, a pole screw 
48, and fixing metals 43, 46 and 47 for vertically recip- 
rocating the permanent magnet 41 , heating block 42 
and platform 44. 

[0058] Fig. 9 is a schematic view showing the dis- 
charging means 16 positioned on the extraction vessel. 
Since this discharging means 16 must also be movable 
vertically, it comprises a motor 49, a pole screw 50 and 
a movable piece 51 adapted to move up and down in 
response to rotation of said pole screw. This discharging 
means further comprises a pressure nozzle 53 and an 
exhaust nozzle 57 as attached to an L-shaped metal 52 
connected to said movable piece 51. The forward end 



of the pressure nozzle 53 carries a resin pad 54 com- 
plementary to the inside geometry of the inlet to the re- 
actor tube 1 of the extraction vessel, that is to say the 
piercing pipe 10 of the rotary element 6. This pressure 

5 nozzle 53 is connected air-tight to a pressurized air sup- 
ply tube 55 through a joint metal 56. 
[0059] On the other hand, the forward end of the ex- 
haust nozzle 57 is fitted with a resin pad 58 conforming 
to a hole in the cover 7 mounted on the top opening of 

10 the drain cup 2. This exhaust nozzle 57 is connected 
air-tight to a tube 59 for discharging air from the drain 
cup 2 to a disposal bottle (not shown) through a joint 
metal 60. 

[0060] The nucleic acid extraction apparatus of this 
15 invention basically comprises said various means (dis- 
tribution means, stirring means, holding means, dis- 
charging means, heating means, and transfer means) 
and those means are controlled by a computer (not 
shown). 

20 

3. Nucleic acid extraction method 

[0061] The method of extracting a nucleic acid using 
the above-described nucleic acid extraction apparatus 

25 of the invention is now described. The nucleic acid ex- 
traction method using the above apparatus of the inven- 
tion can be carried out by the technique utilizing a mag- 
netic carrier as described in Unexamined Japanese Pat- 
ent Publication No. 1 9292/1 997, for instance. The pub- 

30 lished literature is incorporated herein by reference. 
[0062] This nucleic acid extraction method comprises 
feeding magnetic silica beads containing a superpara- 
magnetic metal oxide, a sample containing the objective 
nucleic acid, and a solvent for nucleic acid extraction 

35 into the extraction vessel, mixing them together to let 
the nucleic acid attached to the magnetic silica beads, 
applying a magnetic field to the vessel to separate the 
magnetic silica beads carrying the nucleic acid from the 
solution (B/F separation), and finally eluting-the nucleic 

40 acid from the magnetic silica beads. 

[0063] The sequence of steps according to this nucle- 
ic acid extraction method (flow-chart) is shown in Fig. 
10. The method of using the nucleic acid extraction ap- 
paratus of the invention is now described in accordance 

45 with this flow-chart. Schematic diagrams pertinent to the 
respective steps are shown in Fig. 11-16. 
[0064] First, the reactor tube 1 of the extraction vessel 
is charged with the sample (for example a biological 
sample such as blood) and the magnetic silica beads 

50 for attraction of nucleic acid. In consideration of safety, 
this procedure is generally carried out by the operator 
in a clean bench or the like. During this procedure, the 
reagent solution for extraction is fed to the reactor tube. 
[0065] The extraction vessel thus containing the sam- 

55 pie, magnetic silica beads, and extraction reagent solu- 
tion in the reactor tube is transferred and installed on 
the vessel stand 13 of the nucleic acid extraction appa- 
ratus (Figs. 5a and 5b). This transfer and installation of 
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the extraction vessel on the vessel stand 1 3 can be car- 
ried out utilizing the vessel transfer and installation 
means with which the extraction apparatus is optionally 
provided. 

[0066] The foregoing represents a preparation stage 
preceding the operation of the apparatus of this inven- 
tion. After the above installation of the extraction vessel, 
the nucleic acid extraction procedure is started, for ex- 
ample by pressing a start button (not shown). The first 
step in this procedure is a stirring step where the solution 
in the reactor tube 1 is stirred to extract nucleic acid from 
the sample and cause it to be adsorbed on the magnetic 
silica beads as described in Unexamined Japanese Pat- 
ent Publication No. 19292/1 997. 

[0067] The vessel stand 13 is transferred, by said 
transfer means, to position B where the stirring means 
15 is located (Fig. 5b). The vessel stand remains sta- 
tionary in this position during the solution in the reactor 
tube 1 is stirred for thorough mixing. As shown in Fig. 
1 2, this stirring and mixing is effected as the ring magnet 
36 of the stirring means 15 reciprocates vertically with 
the reactor tube 1 being positioned within its central hole 
to thereby cause the magnetic silica beads in the reactor 
tube 1 to move up and down. The stroke of reciprocation 
of the ring magnet 36 and the stirring time can be judi- 
ciously selected as necessary. 

[0068] On completion of stirring, the vessel stand 13 
is transferred, again by said transfer means, to position 
C where the holding means 17 is located (Fig. 5b). The 
vessel stand remains stationary in this position and the 
next step, i.e. B/F separation, is carried out. This status 
is shown in Fig. 13. The permanent magnet 41 of the 
holding means contacts the exterior bottom of the reac- 
tor tube 1 of the extraction vessel, whereby the magnetic 
silica beads 61 in the reactor tube 1 are retained in the 
bottom area of the reactor tube. 

[0069] Furthermore, in this position C, the discharging 
means 1 6 is set above the extraction vessel and the next 
step, i.e. discharge of the unwanted component solu- 
tion, is carried out. Thus, with the B/F separation being 
performed as shown in Fig. 13, the pressure nozzle 53 
and exhaust nozzle 57 constituting the discharging 
means descend into engagement with the piercing pipe 
10 and the hole of the cover 7, respectively, of the ex- 
traction vessel. This status is shown in Fig. 14. 
[0070] As shown in Fig. 9, the pad 54 fitted to the for- 
ward end of the pressure nozzle 53 is inserted air-tight 
into the inlet of the reactor tube 1 , that is to say the pierc- 
ing pipe 10, and the pressurized air from a pump (not 
shown) is blown into the reactor tube 1 . As a result, the 
unwanted component solution in the reactor tube 1 is 
discharged into the drain cup 2 through the discharge 
passageway comprised of the discharging pipe 5, valve 
passageway 1 1 , etc. At the same time, the air introduced 
under pressure into the drain cup 2 is exhausted through 
the hole in the cover 7 on the drain cup and the pas- 
sageway constituted by the exhaust nozzle 57. This se- 
ries of B/F separation and discharge of the unwanted 
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component solution is performed in position C. 
[0071 ] Upon completion of discharge of the unwanted 
component solution, the discharging means 16 and 
holding means 17a return to a given position. On the 
other hand, the vessel stand 1 3 moves again to position 
A for introduction of the next solution (wash solution) 
into the reactor tube 1 and stops there (Fig. 5b). In ac- 
cordance with the flow-chart shown in Fig. 1 0, the wash- 
ing step is now carried out. 

[0072] Introduction of the wash solution is performed 
by the distribution means 14 which serially dispenses 
the wash solution into the reactor tubes 1 of extraction 
vessels arranged on the vessel stand 13. As shown in 
Fig. 6, the pad 35 fitted to the forward end of the distri- 
bution nozzle 34 is inserted liquid-tight into the inlet of 
the reactor tube (the piercing pipe 10) and the reagent 
solution (wash solution) is introduced from the bottle 18 
into the reactor tube 1 through the tube 30. Upon com- 
pletion of dispensing into one extraction vessel, the dis- 
tribution means 14 moves to the next extraction vessel 
and dispenses the wash solution in the same manner. 
Upon completion of dispensing into all the extraction 
vessels arranged on the vessel stand 1 3, the distribution 
means 14 returns to a given position and stops there. 
[0073] The subsequent operations in the washing 
procedure, i.e. stirring, B/F separation, and discharge 
of the unwanted solution, may be performed in exactly 
the same manner as in the above extraction procedure. 
The washing procedure in nucleic acid extraction may 
vary, for example involving change of wash reagents or 
a plurality of washing cycles using the same reagent. In 
any case, the washing operations by the apparatus can 
be exactly the same as those described above. 
[0074] The drying of the magnetic silica beads is now 
described. 

[0075] Upon completion of discharge of the unwanted 
solution (washings) formed in the washing step, the ves- 
sel stand 13 is shifted to position D (Fig. 5b). Disposed 
in position D is the heating block 42 constituting the 
heating means 1 7b. As the heating block 42 ascends in 
response to rotation of the pole screw 48, the reactor 
tube 1 of the extraction vessel comes into contact with 
its recessed part and is heated. The drying is effected 
as the reactor tube is heated until the residual wash so- 
lution on the surface of the magnetic silica beads in the 
reactor tube have been completely evaporated off (Fig. 
15). 

[0076] Upon completion of drying, the distribution 
means 14 dispenses a solution of low ion concentration 
(eluent), such as sterilized water, into the reactor tube 
containing the magnetic silica beads and the solution is 
warmed for a definite time. This warming of the eluent 
is also performed by the heating block 42 disposed in 
position D (Fig. 5b). Fig. 15 shows this drying or eluent 
warming step. 

[0077] Upon completion of warming of the eluent, the 
heating block 42 returns to a given position and the ves- 
sel stand 13 is shifted to position B where the stirring 
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means 15 is disposed and the stirring is carried out. 
[0078] Upon completion of stirring, the final nucleic 
acid recovery step is executed. For this purpose, the 
vessel stand 1 3 is shifted to position A where the distri- 
bution means 14 is located (Fig. 5b). Then, by the rotary 
arm 27 of the distribution means 14, the rotary element 
6 mounted on the reactor tube 1 is rotated through 180 
degrees. Thereupon, as illustrated in Fig. 4, the flow 
passageway constituted by the channel cover 8 of the 
recovery tube is brought into communication with the 
valve passageway 11 and discharging pipe 5 in the re- 
actor tube 1 so that a preparation for recovery of the 
nucleic acid is completed. The above rotation of the ro- 
tary element is effected as the rotary arm grip 28 is en- 
gaged with the grip 12 of the rotary element 6 and the 
rotary arm 27 is driven by the motor 24. This rotation is 
serially carried out for one extraction vessel after anoth- 
er. 

[0079] Upon completion of rotation of the rotary ele- 
ment 6 for all the extraction vessels, the vessel stand 
1 3 is shifted to position C where the holding means 1 7a 
is disposed (Fig. 5b). Here, as shown in Fig. 16, the 
magnetic silica beads are held stationary by the perma- 
nent magnet 41 for B/F separation and the pressurized 
air is introduced via the pressure nozzle 53 into the re- 
actor tube 1. By this pressurization, the eluate contain- 
ing the nucleic acid is discharged into the recovery tube 
3 through the discharging pipe 5 and valve passageway 
11 to recover the nucleic acid. 

[0080] Upon completion of this recovery, the vessel 
stand 13 is shifted from position C to a given initial po- 
sition, whereby the entire nucleic acid extraction proce- 
dure is completed and the apparatus stops its actions. 
Then, the operator takes out the extraction vessels from 
the vessel stand 13, disconnect the recovery tubes 3, 
and preserves them in the refrigerator or otherwise 
takes the necessary procedure. 

[0081] The nucleic acid extraction procedure using 
the nucleic acid extraction apparatus of the invention 
has by now been described. 

[0082] As mentioned hereinbefore, the extraction 
vessel and nucleic acid extraction apparatus of this in- 
vention are the vessel and apparatus well-suitable with 
the nucleic acid extraction technology utilizing a nucleic 
acid-binding magnetic carrier and, therefore, are simple 
and compact as compared with the system utilizing a 
centrifuge or a vacuum pump. 

[0083] Furthermore, since in the apparatus of the in- 
vention the respective steps in the nucleic acid extrac- 
tion procedure (dispensing of solutions, stirring, dis- 
charging and heating steps) are carried out at the defi- 
nite positions for the means (distribution means, stirring 
means, discharging means and heating means) with 
one-to-one correspondence, by transferring extraction 
vessels serially thereto, the complicated extraction pro- 
cedure can be carried through with high reliability, with- 
out risks for contamination, rapidly, and with high effi- 
ciency. 



[0084] Moreover, since the extraction vessel of this in- 
vention is not open to the external atmosphere, the risk 
for contamination due to vessel-to-vessel carryovers is 
avoided so that highly dependable results can be ex- 

s pected. In addition, when the extraction vessels are dis- 
posable vessels, the cleaning operation can be omitted 
to avoid the risk for contamination by wash residues and 
the risk for infection with the viruses which biological 
samples may contain. 

w [0085] The apparatus of this invention thus features 
high dependability and safety. 

[0086] Therefore, in the field of clinical examinations 
for genetic diagnosis where a large number of samples 
must be dealt with at one time as well as in the field of 
15 basic research, the present invention provides a nucleic 
acid extraction apparatus of great utility value with which 
nucleic acid components can be extracted rapidly, ex- 
pediently, safely, and with high dependability. 

20 

Claims 

1. A nucleic acid extraction apparatus comprising 

25 (1 ) a group of extraction vessels each compris- 

ing a reactor tube in which a sample, a reagent 
solution and a magnetic carrier are admixed 
and reacted, a drain cup for pooling an unwant- 
ed component solution and a nucleic acid re- 
30 covery tube, all as secured to a supporting 

plate, 

(2) a distribution means for dispensing a sam- 
ple or other solution into each of said extraction 
vessels, 

35 (3) a stirring means for stirring the sample so- 

lution and magnetic carrier within the extraction 
vessel, 

(4) a holding means for holding said magnetic 
carrier stationary in a position within the extrac- 

40 tion vessel, 

(5) a discharging means for discharging the 
sample solution from the extraction vessel 
while said magnetic carrier is held stationary 

(6) a heating means for heating the sample so- 
45 lution containing the magnetic carrier in said 

extraction vessel, and 

(7) a transfer means for transferring said ex- 
traction vessel to the required positions where 
said distribution means, stirring means, holding 

50 means, discharging means, and heating 

means are respectively disposed. 

2. A nucleic acid extraction apparatus comprising 

55 (1 ) a vessel stand adapted to support a group 

of extraction vessels each comprising a reactor 
tube to be filled with a magnetic carrier, a sam- 
ple and a reagent solution, a drain cup and a 
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nucleic acid recovery tube, all as secured to a 
supporting plate; 

(2) a distribution means for dispensing a sam- 
ple or other solution into the reactor tube of said 
extraction vessel installed on said vessel stand; 5 6. 

(3) a stirring means for stirring the magnetic 
carrier, sample, and reagent solution within the 
reactor tube; 

(4) a holding means for holding the magnetic 
carrier stationary within the reactor tube; 10 7. 

(5) a discharging means for discharging the so- 
lution in the reactor tube into the drain cup or 
nucleic acid recovery tube while the magnetic 
carrier is held stationary within the reactor tube; 

(6) a heating means for heating the reactor tube 15 
containing at least said magnetic carrier; 

(7) a transfer means for transferring the vessel 
stand carrying the extraction vessels horizon- 
tally; and 

(8) a control means for controlling said respec- 20 
tive means. 

3. A nucleic acid extraction apparatus according to 
claim 2 wherein the control means has a function to 
control the transfer means in such a manner the 25 
vessel stand may be transferred to any of the posi- 
tions where said distribution means, stirring means, 
holding means, discharging means, and heating 
means are respectively disposed. 

30 

4. A nucleic acid extraction apparatus according to 
claim 2 or 3 further comprising a means for trans- 
ferring the extraction vessels and installing them in 
an array on the vessel stand. 

35 8. 

5. A nucleic acid extraction apparatus according to 
any of claims 2 to 4 wherein the extraction vessel 
for installing in the vessel stand comprising 

9. 

a reactor tube, a drain cup, and a nucleic acid 40 
recovery tube as secured to a supporting plate, 
a channel cover adapted to provide a connect- 
ing path between the nucleic acid recovery tube 
and the reactor tube as mounted in a top open- 
ing of said recovery tube, 45 
a cover with a hole for connection of an exhaust 
nozzle as mounted air-tight in a top opening of 
said drain cup, 

a rotary element comprising a piercing pipe for 
insertion and connection of a distribution noz- 50 
zle, a valve passageway adapted to provide a 
connecting path between the reactor tube and 
the drain cup or the recovery tube, and a rotat- 
ing grip as mounted air-tight and axial-rotably 
in a top opening of said reactor tube, and 55 
one end of said valve passageway being con- 10. 
nected liquid-tight to a discharging pipe extend- 
ing axially within the reactor tube and the other 



end being connected air-tight to a passageway 
communicating with the interior of the drain 
cup. 

A nucleic acid extraction apparatus according to 
claim 5 wherein at least the nucleic acid recovery 
tube of the extraction vessel is detachable from the 
reactor tube and drain cup. 

A vessel for nucleic acid extraction which comprises 

a reactor tube, a drain cup, and a nucleic acid 
recovery tube as secured to a supporting plate, 
a channel cover adapted to provide a connect- 
ing path between the nucleic acid recovery tube 
and the reactor tube as mounted in a top open- 
ing of said recovery tube, 
a cover with a hole for connection of an exhaust 
nozzle as mounted air-tight in a top opening of 
said drain cup, 

a rotary element comprising a piercing pipe for 
insertion and connection of a distribution noz- 
zle, a valve passageway adapted to provide a 
connecting path between the reactor tube and 
the drain cup or the recovery tube, and a rotat- 
ing grip as mounted air-tight and axial-rotably 
in a top opening of said reactor tube, and 
one end of said valve passageway being con- 
nected liquid-tight to a discharging pipe extend- 
ing axially within the reactor tube and the other 
end being connected air-tight to a passageway 
communicating with the interior of the drain 
cup. 

A nucleic acid extraction vessel according to claim 
7 wherein at least said nucleic acid recovery tube 
is detachable from said reactor tube and drain cup. 

A method for nucleic acid extraction using the nu- 
cleic acid extraction apparatus as defined in claim 
1 which comprises 

(a) a step of extracting a nucleic acid from a 
sample and causing it to be adsorbed on a mag- 
netic carrier in a reactor tube of an extraction 
vessel; 

(b) a step of separating the magnetic carrier 
carrying the nucleic acid adsorbed thereon 
from the solution; 

(c) a step of washing the separated magnetic 
carrier; 

(d) a step of eluting the nucleic acid from the 
magnetic carrier, and 

(e) a step of recovering the nucleic acid. 

A method for nucleic acid extraction according to 
claim 9 wherein said (a) extraction step, (c) washing 
step, and (d) elution step are carried out by intro- 
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ducing an extraction solution, a wash solution, and 
an eluent, respectively, into the reactor tube con- 
taining the magnetic carrier by using the distribution 
means and then stirring the mixture by using the 
stirring means. 5 

11. A method for nucleic acid extraction according to 
claim 9 or 1 0 wherein said (b) magnetic carrier sep- 
aration step and (e) nucleic acid recovery step com- 
prise discharging the solution from the reactor tube 10 
into the drain cup and nucleic acid recovery tube, 
respectively, by using the discharging means while 

the magnetic carrier is retained stationary within the 
reactor tube by using the holding means. 

15 

12. A method for nucleic acid extraction according to 
any of claims 9 to 11 wherein said (d) nucleic acid 
elution step comprises drying the magnetic carrier 
carrying the nucleic acid adsorbed thereon by using 

the heating means, introducing an eluent into the 20 
reactor tube containing said magnetic carrier by us- 
ing the distribution means, stirring the magnetic car- 
rier in the eluent by using the stirring-means, heat- 
ing the solution by using the heating means, and 
stirring it by using the stirring means again. 25 
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